Holographic polymer/liquid-crystal composites, which are periodically ordered materials with alternative polymer-rich and liquid-crystal-rich phases, have drawn increasing interest due to their unique capabilities of reconstructing colored three-dimensional (3D) images and enabling the electro-optic response. They are formed via photopolymerization induced phase separation upon exposure to laser interference patterns, where a fast photopolymerization is required to facilitate the holographic patterning. Yet, the fast photopolymerization generally leads to depressed phase separation and it remains challenging to boost the holographic performance via kinetics control. Herein, we disclose that the ketyl radical inhibition is able to significantly boost the phase separation and holographic performance by preventing the proliferated diffusion of initiating radicals from the constructive to the destructive regions. Dramatically depressed phase separation is caused when converting the inhibiting ketyl radical to a new initiating radical, indicating the significance of ketyl radical inhibition when designing high performance holographic polymer composites.
INTRODUCTION
Holography is a powerful technique that encodes information via the wave field interference [1] . Due to its unique capability of simultaneously reconstructing the whole information of coherent waves (e.g., amplitude, phase and polarization), holography has become a con-stant innovation source in ultrafast temporal imaging [2, 3] , optical shaping [4, 5] , particle assembly [6, 7] , threedimensional (3D) display [8, 9] , colored 3D image storage [10] [11] [12] [13] [14] [15] [16] , and holographic polymer electrolyte construction [17] . On the other hand, polymer/liquid-crystal (LC) composites have attracted considerable attention due to their unique electro-optic response capability [18] [19] [20] [21] . Integrating holography and polymer/LC composites results in the generation of holographic polymer/LC composites, which not only allows for the reconstruction of holographic images but also provides attractive electrooptic response [22] [23] [24] [25] .
Holographic polymer/LC composites are periodicallyordered polymer/LC domains with alternative polymerrich and LC-rich phases. They are formed via photopolymerization induced phase separation upon exposure to laser interference patterns. For improving the phase separation and holographic performance, it is critical to exert a spatiotemporal control over the photopolymerization kinetics and gelation. The fast gelation process in the constructive regions allows for a rapid holographic patterning while the prolonged gelation in the destructive regions provides longer time for the phase separation [12] [13] [14] . Nevertheless, despite the amazing progress on the elegant design of new photo-mediated systems [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] for a myriad of attractive applications such as sequential polymerization control [29] , 3D printing [30] , surface grafting [31] , and fabricating conductive composites [36] , very few efforts have been made to implement such a spatiotemporal control during holography [13] . Peng and co-workers [12, 13] disclosed that a "photoinitibitor" with concurrent initiation and inhibition functions was able to exert a precise control over the photopolymerization kinetics and gelation during holographic patterning. The ketyl radical generated from the "photoinitibitor" may play a critical role. However, the effect of ketyl radical on the performance of holographic polymer/LC composites is insufficiently understood. Herein, we intend to understand the effect of ketyl radical on the structure and performance of holographic polymer/LC composites by eliminating the ketyl radical without affecting the primary photoreaction of the "photoinitibitor".
It is reported that the ketyl radical could be scavenged by 2-(4-methoxyphenyl)-4,6-bis(trichloromethyl)-1,3,5triazine (TA) [37, 38] . Thus, we are inspired to add TA into the "photoinitibitor" composed of 3,3ʹ-carbonylbis (7-diethylaminocoumarin) (KCD) and N-phenylglycine (NPG) (Scheme 1). Interestingly, TA successfully converts the inhibiting ketyl radical to a new initiating radical without exhibiting a detectable influence on the primary photoreaction of KCD with NPG. Because of the unique inhibition function of the ketyl radical, dramatically improved holographic polymer/LC composites with a high diffraction efficiency (η = 93±4%) are enabled. Dramatically depressed phase separation and holographic performance (η = 11±4%) are caused when converting the inhibiting ketyl radical to a new initiating radical, indicating the significance of ketyl radical inhibition on the regulation of holographic polymer composites.
EXPERIMENTAL
Materials N,N-dimethylacrylamide (DMAA, purity: 98%), 5,5-dimethyl-1-pyrroline N-oxide (DMPO, purity: 97%), TA (purity: 98%) were purchased from TCI Chemicals. 2-Ethylhexyl acrylate (EHA, purity: 98.5 %), N,Ndimethylformamide (DMF, purity: AR), ethyl acetate (EA, purity: AR), hexane (purity: AR), toluene (spectrometric grade, purity: 99.7%), tetrahydrofuran (THF, spectrometric grade, purity: 99.9%), NPG (purity: 97%), and acetonitrile (purity: AR) were received from Aladdin. KCD (purity: 99%) was obtained from Acros Organics. The nematic liquid crystal mixture P0616A (n o(589 nm, 293 K) = 1.52, n e(589 nm, 293 K) = 1.72, T N1 = 331 K) [39] was purchased from Shijiazhuang Chengzhi Yonghua Display Material Co., Ltd., China. The hyperbranched acrylate monomer 6361-100 (functionality: 8) was donated as a gift by Eternal Chemical Co., Ltd., China. NPG was recrystallized from hot water in the presence of activated charcoal before use, and other chemicals were used directly without further purification. The chemical struc-tures of KCD, NPG, TA, 6361-100, EHA and DMAA are displayed in Scheme 2.
Photo-mediated copolymerization of DMAA and EHA
To understand the inhibition mechanism of the ketyl radical, the resulting photopolymer was analyzed. The solid KCD and NPG were dissolved in the DMAA/EHA mixture (weight ratio: 1/1) to form homogeneous solutions upon bulk ultrasonication for 30 min at 323 K. DMAA helped to dissolve the KCD and NPG, while EHA was used to boost the photopolymerization. The concentration of KCD and NPG was controlled to be 6 and 60 mmol L −1 , respectively. The solution was injected into a glass cell (gap thickness: 50 μm) and then irradiated by a 2 mW cm −2 of 460 nm laser light for 60 min. After photopolymerization, the copolymer was scratched off from the glass slide, and then precipitated from the EA/hexane (volume ratio: 1/50) mixture, finally dried under vacuum overnight to remove the residual solvents.
Ultraviolet-visible (UV-vis) absorption
The ground state absorption was characterized using a UV-vis spectrophotometer (Evolution 220, Thermo Fisher). Before characterization, the chemicals were dissolved in DMF or acetonitrile by ultrasonication at room temperature to form homogenous solutions.
Nanosecond transient absorption
To understand the reaction mechanism, the nanosecond transient absorption of KCD, KCD/NPG, KCD/NPG/TA was carefully explored. Different from our previous report [13] , herein the nanosecond transient absorption measurements were performed in the flowing mode. To balance the signal intensity and accuracy, the concentrations of KCD, NPG and TA were optimized to be 175 μmol L −1 , separately. The pump wavelength was 400 nm so that only KCD was excited while avoiding the excitation of NPG and TA. The solution was purged with dry nitrogen gas for 30 min in dark before irradiation and continuously purged during measurements.
Electron paramagnetic resonance (EPR) spectroscopy
To identify the radical species, the EPR analysis was implemented. Homogeneous solutions of KCD/NPG and KCD/NPG/TA in toluene were carefully loaded in the columnar quartz cell for EPR analysis, respectively. The concentrations of KCD, NPG and TA were 175 μmol L −1 for EPR measurement, respectively, consistent with that for nanosecond transient absorption characterization. The solution was extensively purged with dry nitrogen gas for 30 min, followed by excitation inside the EPR spectrometer cavity with the mercury lamp equipped with a 420-1100 nm light filter. Since the TA and purified NPG showed no absorption above the wavelength of 380 nm, they were not photoexcited under such condition. EPR spectra were recorded on a Bruker EMXmicro spectrometer. Following settings were applied for the measurement: center field, 3500 Gauss (G); sweep width, 100 G; microwave power, 2 mW; modulation frequency, 100 kHz; modulation amplitude, 1 G; receiver gain, 30 dB; conversion time, 15 ms; time constant, 0.01 ms. A radical capturing agent 5,5-dimethylpyrroline N-oxide (DMPO, 3.5 mmol L −1 ) was introduced to stabilize the radicals during characterization. Signals were fitted with the EasySpin software [40] to identify the radical species.
Holographic formulation
The holographic mixture was mainly composed of DMAA, 6361-100 and P0616A in a weight ratio of 14:7:9.
Since a multifunctional monomer with low viscosity is important for regulating the grating structure and improving the holographic performance, we employed 6361-100 as the multi-functional monomer as previously optimized [41] . For the "photoinitibitor" system, KCD and NPG were homogeneously dissolved in the holographic mixture upon bulk ultrasonication at 323 K for Scheme 2 Chemical structures of KCD, NPG, TA, 6361-100, EHA and DMAA. 1 h. A system with TA was also prepared using the same method. The concentration of KCD was controlled to be 6 mmol L −1 while those of NPG and TA were kept at 60 mmol L −1 . Brown-color vials with sealed caps were used during the formulation process to prevent any photoreaction.
Photopolymerization kinetics
The photopolymerization kinetics were analyzed using real-time Fourier transform infrared spectroscopy (RT-FTIR, Vertex 80, Bruker). A narrow-band pass filter centered at 460 nm was used to confine the light irradiation (S2000, Omnicure). The light intensity was set as 3.0 mW cm −2
. Considering the light transmittance (86.6%) of NaCl plates (thickness: 4 mm) at 460 nm ( Fig. S1 ), the light intensity reaching the sample was 2.6 mW cm −2 . The holographic mixture was placed between two NaCl plates with a 20 μm-thick spacer. The absorption peaked at 950 cm −1 was used to monitor the conversion of C=C double bond during photopolymerization, which was assigned to the rocking vibration of vinyl groups (Figs S2-S4). The double bond conversion (α) and photopolymerization rate (R p ) were calculated as follows [42] ,
p where, A t and A 0 represented the absorption areas peaked at 950 cm −1 at the irradiation time t and before light irradiation, respectively.
Photorheology
To characterize the gelation behavior of holographic mixtures, a rheometer (MCR 302, Anto-Parr) with a light accessory (S2000, Omnicure) was employed. The sample thickness was maintained to be 0.1 mm by two parallel circular plates (diameter: 25 mm). The above one was rotatable and connected to the detector, while the bottom one was still and transparent so that the light could go through to fully cure the holographic mixture. The measurement was conducted at 303 K under the protection of nitrogen gas purge (50 mL min −1 ). One narrowband pass filter centered at 460 nm was employed to confine the irradiation beams. The light intensity was set as 3.0 mW cm −2 . Continuous shearing for 60 s was performed prior to photorheology test. The crossover of storage modulus and loss modulus was regarded as the gel point [43, 44] .
Holographic patterning
One 460 nm laser was used to reconstruct the holographic polymer/LC composites. Uniform grating ordered structures were first recorded through the interference of two coherent beams which were generated by splitting the original laser. The bisector of the two beams was normal to the surface plane so that unslanted grating ordered structures could be formed. Before holographic patterning, the holographic mixture was injected into an ITO coated glass cell in dark, and then kept still on the sample holder for 60 s. The sample thickness was controlled to be 10 μm. The light intensity was set as 3.0 mW cm −2 for each beam and the exposure time was 30 s. The grating period (Λ) was calculated to be 889 nm according to the Bragg's law [41] ,
writing set where, λ writing was the wavelength of the writing laser, and θ set was the angle between the two coherent laser beams (30°), respectively. To reconstruct holographic images, a spatial light modulator (SLM) was used to project the computergenerated image into the inference field as the object beam. Images were reconstructed in the holographic polymer/LC composites once another reference beam directly irradiated the sample and interfered with the object beam. To solidify the structures, all samples were postcured upon the UV flood irradiation for 10 min.
Morphology characterization
The morphology of holographic polymer/LC composites was characterized using field-effect scanning electron microscopy (FE-SEM, Sirion 200) and atomic force microscopy (AFM, Shimadzu SPM-9700). Samples were immersed in n-hexane for 48 h to remove the LC prior to characterization, so that the phase separated structures were easily recognized. AFM characterization was implemented in the tapping mode (resonant frequency: 300 kHz) after drying the sample under ambient atmosphere. A thin layer of platinum was sputtered on the top surface of the sample prior to SEM measurement to enhance the image contrast. 
Electro-optic response

Computational details
Density functional theory (DFT) calculations were performed using the M06-2X hybrid functional with the Gaussian 09 software [45] . The structures were optimized using the 6-311G(d,p) basis set (Table S1-S4). Analytic frequency calculations were performed to confirm the nature of the stationary points (no imaginary frequency). The spin density was calculated using the 6-311G(d,p) basis set with the polarizable continuum model (PCM, toluene). The structure of the KCD first singlet excited state (S 1 ) was optimized at the M06-2X/6-311G(d,p) level using the time-dependent DFT (TD-DFT) calculations (Table S5 ).
The UV-vis spectra in toluene were calculated at the M06-2X/6-311+G(d,p) level using the PCM model. All calculated spectra were scaled by 1.23 times. To reduce the computational cost, the structures of KCD and the radical coupling product of ketyl radical were simplified as M-KCD and M-KCD', respectively (Scheme 4).
RESULTS AND DISCUSSION
Ground state absorptions of KCD, NPG and TA
To precisely control the photoreactions of the KCD/NPG "photoinitibitor" and the KCD/NPG/TA system, it is critical to photoexcite the KCD rather than NPG or TA. Toward this end, the ground state absorptions of KCD, NPG and TA were characterized, respectively. Clearly, KCD shows a peak absorption at 460 nm with an ex-tinction coefficient of 8.8×10 4 L mol −1 cm −1 (Fig. 1) , which is expected to facilitate the holographic patterning upon the 460 nm laser irradiation. By contrast, no absorption is noted for the purified NPG or TA above the wavelength of 380 nm.
Transient absorption of excited KCD
To understand the photoreaction of KCD with NPG, we firstly recorded the transient absorption of pure KCD in toluene after excitation by 400 nm pump light. As shown in Fig. 2a , a positive absorption band peaked at 490 nm arises at~0.5 ns upon the 400 nm pulse laser irradiation, which is ascribed to the KCD S 1 state according to TD-DFT calculations ( Fig. 2d and Fig. S5) . A negative absorption band from 410 to 472 nm is also observed, which is caused by the ground-state bleach of KCD. With time going on, the positive peak absorption continues to increase and shifts from 490 to 515 nm after~0.8 ns (Fig. 2b) , indicating an intersystem crossing (ISC) from the S 1 to the first triplet excited state (T 1 , Fig. 2d and Fig. S5 ) [46] . Finally, both negative and positive signals shift to zero from~1.5 ns (Fig. 2c) , indicating a decay of the KCD T 1 state.
Transient absorption evidence for the KCD derived ketyl radical
It is well known that an aromatic ketone holds a high Scheme 3 Schematic illustration on the diffraction efficiency measurement.
Scheme 4
Simplified structures of KCD and the radical coupling product of ketyl radical for calculations.
Figure 1
Ground state absorptions of KCD, NPG and TA in acetonitrile. NPG was recrystallized before use.
triplet population upon light irradiation, since the lowlying lone pair electrons on the oxygen p orbital facilitate the hybridization of n-π* and π-π* transitions, although no heavy atoms exist. Nevertheless, despite that a diphenyl ketone usually holds a high energy T 1 state to grab one hydrogen atom directly from other compounds (e.g., alkyl substituted compounds) upon UV irradiation [35, 47, 48] , the triplet energy of ketocoumarin (e.g., KCD) is not high enough to grab one hydrogen atom directly from other compounds [46] . Therefore, only the coinitiator with a low oxidation potential (e.g., NPG) can react with the excited KCD via proton coupled electron transfer (PCET) [13, 46] . When irradiating the KCD/NPG "photoinitibitor" in toluene by a 400 nm pulse laser, NPG is not excited and also does not influence the formation of KCD S 1 state and the ISC process from the S 1 to T 1 state (Fig. 3a) . Nevertheless, after~2.4 ns, a red shift of the peak absorption from 515 (T 1 ) to 528 nm is observed (Fig. 3b) , indicating the formation of ketyl radical [13] , which is further supported by the TD-DFT calculation (Fig. 3d) . A decreasing of transient absorption is noted when further increasing the monitoring time (Fig. 3c) , indicating the decay of ketyl radical. It is worth noting that the triplet KCD holds a long lifetime (1.04 μs, Fig. S6 ), which is caused by the spin forbidden from T 1 to S 0 . The long lifetime of triplet KCD facilitates the electron and proton transfer from NPG to the KCD triplet state, which is expected to afford a high initiation rate during photopolymerization [13] . In addition, the lifetime of KCD T 1 state decreases to 0.68 μs owning to the PCET reaction with NPG. Interestingly, the lifetime of ketyl radical is 7.78 μs from the biexponential fitting (Fig. S6) , which is 7.7 times larger than that of triplet KCD. Because of the quite long lifetime, the ketyl radical can be detected by EPR and holds enough time to inhibit the photopolymerization.
EPR evidence of the KCD derived ketyl radical
To further confirm the formation of ketyl radical, EPR spectra were captured upon the visible light irradiation. NPG is not excited under such condition based on the UV-vis absorption spectrum of ground state (Fig. 1) . A radical capturing agent DMPO was employed to stabilize the radicals produced and improve the EPR signal-tonoise ratio. As reported by Blount, Janzen and co-workers [49], the safe potential window of DMPO ranges from −1.8 to 1.3 V (versus saturated calomel electrode, namely SCE). Clearly, DMPO is not ready to react with KCD or NPG, because both the potential of KCD (−1.23 V vs. SCE for reduction potential and 1.06 V vs. SCE for oxidation potential) and oxidation potential of NPG (0.43 V, vs. SCE) are in the safe potential window of DMPO [13] . After the photoreaction of triplet KCD with NPG, two radicals are produced, namely the ketyl radical and amino-alkyl radical, respectively. The KCD derived ketyl radical (radical 1, Fig. 4a ) is stable to some extent because of the favorable electron delocalization across the large planar conjugated aromatic ring [13] . Thus, the ketyl radical possesses a relatively long lifetime (~7.78 μs) that can be detected by EPR. Meanwhile, the KCD derived ketyl radical can also react with DMPO, forming another radical (radical 2). At the same time, the amino-alkyl radical is not stable and favorable to react with the C=N double bond of DMPO [50] . Thus, only the amino-alkyl radical captured by DMPO is detected (radical 3). The spin densities on radical 1 from our DFT calculations are mainly located at C1, C2, C3 and O4 (Fig. S7 ). By contrast, the spin densities on radicals 2 and 3 are located at the N and O atoms of the DMPO unit, as reported previously [51] . Thus, only the atoms related to these electron spin centers need to be considered when performing the EPR simulation. Interestingly, the simulated EPR signal matches well with the experimental data ( Fig. 4b) , indicating the main generation of ketyl radical and amino-alkyl radical during the photoreaction of KCD with NPG. The hyperfine coupling constants are 12.1 G (H5) and 11.3 G (H6) for radical 1 (g-value, 2.0067); 11.5 G (H3) and 13.4 G (N2) for radical 2 (g-value, 2.0062); 20.6 G (H3) and 14.3 G (N2) for radical 3 (g-value, 2.0061), respectively, in good coincidence with the previous report [52] .
Inhibition of the propagating radical by the ketyl radical through direct coupling reaction
The photo-generated ketyl radical shows a clear inhibition capability [13, 14, 53, 54] , which is recently realized to be able to boost the spatiotemporal control over photopolymerization [11, 13, 54] . Nevertheless, the inhibition mechanism is still unclear. Toward this end, the copolymer P(DMAA-co-EHA) was prepared through the visible light photopolymerization mediated by the KCD/NPG "photoinitibitor". DMAA helps the dissolution of KCD and NPG while EHA with a higher propagation constant facilitates the photopolymerization [55] . Interestingly, the purified P(DMAA-co-EHA) (M n , 79 kDa) in DMF shows a peak absorption at 397 nm, which is blue shifted for 64 nm compared with that of pure KCD (Fig. 5 ), indicating that a coupling reaction between the ketyl radical and the macromolecular radical occurs. This interpretation is further supported by the TD-DFT calculations (Fig. 5) . A control experiment was also implemented to further demonstrate the coupling reaction, where the P (DMAA-co-EHA) (M n , 102 kDa) was prepared upon UV irradiation by using NPG as the initiator. No absorption is observed in the wavelength range of 350-700 nm (Fig. S8 ), further confirming that the peak absorption at 397 nm is caused by the KCD derived ketyl radical.
Converting the ketyl radical to a new initiating radical
To understand the role of KCD ketyl radical during holographic photopolymerization, the inhibiting ketyl radical of the KCD/PNG "photoinitibitor" needs to be scavenged. TA is reported to be able to convert the inhibiting ketyl radical to a new initiating radical [37, 38] , although the influence of TA on the primary photoreaction of KCD with NPG still remains unclear.
To scavenge the ketyl radical, one equivalent TA was added in the KCD/NPG mixture. As displayed in Fig. 6 , the photoreaction process of KCD/NPG/TA can be separated into four steps: 1) KCD is photo-excited into its S 1 state at~0.5 ns upon a 400 nm pulse laser irradiation.
2) The KCD S 1 state transforms into its T 1 state after 0.8 ns.
3) The KCD T 1 state reacts with NPG, producing the ketyl radical and amino-alkyl radical after~2.4 ns. The timescale for each process is in good agreement with that in the system without TA, indicating that TA does not significantly affect the primary photoreaction of KCD with NPG. 4) The KCD ketyl radical decays by itself and is also scavenged by TA after~930 ns. According to the biexponential fitting of transient absorption at 528 nm, the lifetime of KCD T 1 state and ketyl radical is 0.68 and 7.78 μs, respectively, for the KCD/NPG "photoinitibitor" (Fig. 6d) . By contrast, the lifetime changes to 0.65 and 5.40 μs when adding TA, respectively, further supporting the interpretation that the addition of TA does not affect the primary photoreaction of KCD with NPG but clearly scavenges the ketyl radical.
To further demonstrate the elimination of ketyl radical by TA, we exerted the EPR characterization upon visible light irradiation. DMPO was also added to capture the radical. Interestingly, distinct from the KCD/NPG "photoinitibitor" (Fig. 4 ), no signal related to the ketyl radical is detected in the KCD/NPG/TA system (Fig. 7a ). On the contrary, a new signal related to the TA derived radical is detected, suggesting that the ketyl radical is scavenged by TA (Fig. 7b ). The TA derived radical is believed to be an initiating radical [38, 56] . The hyperfine coupling constants of radical 3 (g-value, 2.0061) are 20.6 G (H3) and 14.3 G (N2), in quantitative agreement with those in the KCD/NPG "photoinitibitor". The hyperfine coupling constants of radical 4 (g-value, 2.0062) are 20.1 G (H3) and 13.5 G (N2), which are also similar to those of radical 3.
Effect of ketyl radical on the photopolymerization and phase separation
As shown in Fig. 8 , the addition of equivalent TA into the KCD/NPG mixture significantly increases the polymerization rate and accelerates the gelation process due to the conversion of the inhibiting ketyl radical to a new initiating radical. For instance, the maximum polymerization rate is increased by 86% (i.e., from 0.086 to 0.160 s -1 ) and the gelation time is decreased by 41% (i.e., from 34 to 20 s). However, with respect to the fabricated holographic polymer/LC composites, the diffraction efficiency is dramatically decreased from 93±4% to 11±4% when converting the inhibiting ketyl radical to a new initiating radical (Fig. 9a) , primarily because of the reduced diffraction (Fig. S9 ) caused by the depressed phase separation. As characterized by SEM, the holographic grating ordered structures photo-mediated by the KCD/NPG "photoinitibitor" show a well-defined phase separation with ordered dark holes after removing the LC, whereas the grating ordered structures photo-mediated with the KCD/NPG/TA system exhibit a poor phase separation (Fig. 9b) . The AFM characterization also shows that the grating ordered structure depth dramatically decreases from 128.1±5.9 to 60.4±1.9 nm (Fig. 9c) . As a consequence, the former can be electric-switched while the electro-optic performance of the latter is dramatically deteriorated. Holographic images are further re- AFM scanning is hard to give the hole morphology because of the limited tip resolution. The grating ordered structure depth in the AFM images is 128.1±5.9 and 60.4±1.9 nm, respectively. The grating pitch is measured to be 840±10 and 830±40 nm from the SEM and AFM images, respectively, which is slightly smaller than the predesigned (889 nm).
constructed to compare the KCD/NPG "photoinitibitor" and KCD/NPG/TA system ( Fig. 10) . Clearly, the former is able to generate a much brighter holographic image than the latter. Therefore, in comparison with the KCD/ NPG "photoinitibitor", the KCD/NPG/TA system exhibits a poorer spatiotemporal control over the holographic photopolymerization. We suspect that all radicals tend to diffuse from the constructive regions to the destructive regions because of their own concentration gradients (Scheme 5). Nevertheless, the inhibiting radical has more chance to diffuse than the initiating radicals because of the differences in the concentrations of the vinyl groups versus the radicals. A big difference in polymerization is expected between the constructive and destructive regions when employing the KCD/NPG "photoinitibitor", which leads to a decreased polymerization area. We indeed observed a large gelation time difference between these two regions at a high concentration of KCD [13] . By contrast, a proliferated diffusion of initiating radicals in the KCD/NPG/TA system is expected, which leads to an increase of polymerization areas. The increase of polymerization areas is also observed in other systems because of the proliferation of active centers [57] . 
